Although there has been widespread interest in the relationship of diet to atherosclerosis and its complications, much less attention has been paid to the effect of diet on thrombus formation. For the most part, exploration of this problem has been indirect; in the first place, it has been supposed that in vitro tests of coagulation are good measures of the coagulant activity of the blood and thrombus formation; and in the second, it has been supposed that coagulant activity in vivo reflects tendency to form thrombi. In a previous study (1), we attempted to circumvent the former supposition by directing our attention to platelet survival, which can be studied in vivo in man and in experimental animals. The ideal method of obviating the latter supposition would be to devise methods of quantitating thrombus formation in the intact animal. Semiquantitative grading systems have been used by some investigators. As yet, however, no satisfactory, precise quantitative method has been devised.
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Connor and Poole (2) and Connor (3), recognizing that movement of the blood, particularly in the arterial circulation, may be an important factor in thrombus formation, used Chandler's apparatus (4) to study the effect of various fatty acids on thrombus formation. In their experiments, citrated blood was mixed with the fatty acid for one minute. It was then recalcified inside the apparatus, and the time for the appearance of clotting was noted.
We have described elsewhere a method for quan-titating thrombus formation in an extracorporeal circulation in the pig (5) . Although providing information complementary to that given by other methods, our technique has these advantages: 1) it allows precise quantitation and 2) continual recirculation of the blood through the body, 3) the flow is pulsatile, and 4) the thrombi are formed on a surface. A number of studies suggest that diet affects blood coagulation in both acute (6, 7) and longerterm studies (1) . There is evidence from animal studies (8) (9) (10) (11) and in man from epidemiological sources (12) (13) (14) that dietary fat influences thrombosis and the complications of vascular disease. So far there have been no quantitative reports published concerning the effects of dietary manipulations on thrombus formation in flowing blood in the arterial circulation.
The value of studying the acute effects of an unfamiliar diet on thrombus formation is limited. It seems likely that such a challenge might produce qualitatively different results from one giving the experimental animals a diet to which they were metabolically and psychologically habituated. An experiment has, therefore, been undertaken in four groups of pigs. Each group was given a different diet, which was continued unchanged for at least ten months.
MATERIALS AND METHODS
Animals. Thirty-two crossed Yorkshire-Landrace pigs were randomly allocated to four groups, two female and six castrated male pigs in each. Each group was given one of the four diets listed below. At the beginning of the experiment, all pigs were 4 months old. On the same day, at the tenth month of the experiment (i.e., when the pigs were 14 months old), four pigs, one chosen at random from each of the groups, were subjected to flowchamber experiments and then killed. Each month, again one pig from each group was used. The last four pigs were studied when they were 20 months old (i.e., 16 (21) . We had intended that all such contrasts should be orthogonal so that the levels of significance would be independent, but one animal died in each of two groups before the experiment could be completed, and some of the results for them, accordingly, were not available. The resulting departure from orthogonality has proved unimportant. It will be evi- mg/1OO ml Free fatty acid, mEq/L 160.9 [6] 129.5 [7] 149.1 [7] 147.8 [7] Error F ratios (Table VI) . In each case, the covariances were computed separately for the four groups, pooled, and the variances for the two variates treated in a like fashion. The r was then computed as the pooled covariance divided by the geometric mean of the pool variances, i.e.,
where Yi =-iE Yjj, and so forth.
This method involves the estimation of eight parameters, so that eight degrees of freedom are lost. In view of the small numbers involved, we felt that the non-normality of the distribution of Sf 20 to 100 and 100 to 400 precluded the use of this method for them. The serum cholesterol alone showed a significant correlation with the amount of thrombus formed. Relationship between in vitro coagulation tests and thrombus formation. We performed covariance analyses of the weight of the deposit formed on the various clotting tests (Table VII) . The pooled mean square for the regression was The only statistically decisive difference, however, was between the values in the control group and in the three groups, taken together, with added fat. To some extent, this lack of difference among the groups reflects the way the data were analyzed, more detailed comparisons among the several groups being impossible without abandoning the principle of orthogonality among them.
One point worthy of note, however, is that there is nothing approaching a significant difference in the weights of deposits between the animals fed lard with added cholesterol and those fed only unenriched lard. This suggests that added dietary cholesterol as such has little influence on thrombus formation in the shunt system, at least in the range used in this experiment. Our experience tallies with in vitro work concerning the effect of cholesterol on blood coagulation (24) . The pigs given the diet rich in egg yolk had three times as heavy a deposit as those on diets containing lard. Although this difference seems to be impressive, its importance is somewhat diminished because the weights of the deposits are lognormally distributed and the difference between them is not significant (p < 0.25). Since the scale of the experiment was small, however, and the variation in size of deposit great, this apparent difference should be subjected to further study.
Since previous work has shown changes in coagulation tests during lipemia after the ingestion of a high-fat meal (7, 20) , the question must be asked whether the differences found in our study are due to prolonged dietary treatment. As all the animals were examined after fasting for 16 to 20 hours, it seems unlikely that differences were due to postprandial lipemia. We do not yet know how long a period of dietary manipulation is required to produce changes in thrombus formation. Exploring this question and also determining how long the effect of a thrombogenic diet persists after it is discontinued are important tasks. WVe do know, however, that animals accustomed to their respective diets tend toward thrombosis. Over the ranges studied in this experiment, the duration of the diets had no demonstrable effect on the weights of deposit formed, nor were there differences in the results between the males and the females.
There is considerable evidence that dietary fat has at least an acute effect on some in vitro tests of blood coagulation (6, 7, 25) . The relationship between in vitro coagulation, endogenous coagulation, and thrombosis has been in some doubt, but we have provided evidence from studies with man involving more prolonged dietary change, notably in fat. Not only were there alterations in some in vitro tests of coagulation, but also platelet survival was shortened (1). The platelet is probably a more direct measure of endogenous coagulation, and certainly a factor involved in the early stage of thrombus formation.
Our findings relate more closely to the problem of thrombus formation, and in general agree with those from less direct studies. Unlike earlier studies, however, our present one does not show a significant relationship between the amount of deposit formed and the various blood-coagulation tests. This may be attributable to the small numbers involved, or it may indicate that the effect of diet on thrombus formation and blood coagulation is complex. The increase in thrombus formation seen with the lipid-rich diets may be related to some factor other than change in blood coagulation. These findings again caution against extending the conclusions of in vitro clotting tests to phenomena in. the intact organism.
Serum cholesterol shows a significant positive correlation with the weight of deposit. Other evidence of this experiment seems to indicate that this cannot be interpreted to mean that high serum cholesterol causes thrombus formation. The diet of lard with added cholesterol differed from the lard diet only in the amount of cholesterol, which was sufficient to double the serum cholesterol, yet there was not significant difference between the two groups in the weight of deposit formed. It seems more reasonable that, for a particular diet, a high serum cholesterol and a tendency to produce an unusually heavy deposit are separate consequences of some common factor.
Although other experiments differed in method and structure, their findings (2, 3) agree with ours in suggesting that fats are important in thrombus formation and that some fats are more active in this respect than others. Several workers have shown in experiments on animals given thrombogenic diets that for thrombosis to occur, certain fats must be present (9, 26) . Despite our agreement, we cannot definitely conclude that the effects we observed are entirely caused by fat. We studied rapidly flowing blood in physical, but not in physiological, isolation from the rest of the tissues. Thus, whereas the blood was influenced by the homeostatic mechanisms in the body, at the site where the thrombus was formed, there was no contribution from other vital structures. Although the silicone-coated plastic surface was foreign, it was uniformly so throughout the experiment, and there was no reason to believe that diet changed its physical properties. Thus, we can probably conclude that our results were the effects of diet on the thrombotic tendency of flowing blood.
The present experiment shows that these changes in diet produce no catastrophic effects in the tendency of blood to form thrombi, but merely augment the process seen in the control animals.
SUMMARY
Our study concerned several diets differing principally in their fat composition, some in vitro tests of coagulation, the tendency for thrombi to form in flowing blood, and some blood lipid fractions. Four isocaloric diets were used: 1) a lowfat diet, and three other diets with 25% of the calories in the basic diet replaced by 2) lard, 3) egg yolk, and 4) lard and as much added cholesterol as in the egg-yolk diet.
Significant differences were produced in the platelet adhesive index, which was higher in the pigs receiving added fat than in the control group. None of the other coagulation tests showed any significant differences.
Similar results were revealed by comparison of the weight of deposit formed in the extracorporeal shunts, a mean weight of deposit lower in the control group than in the other groups (p < 0.02), but there were no significant differences otherwise. The egg-yolk diet produced the highest mean weight of deposit. There was no difference between the mean weights of deposits for the group given lard, and that given lard plus added cholesterol, although serum cholesterol was nearly twice as high in the latter group. For a given diet, however, there is a significant correlation (r = + 0.43, p < 0.02) between blood cholesterol level and weight of thrombus.
Serum cholesterol, phospholipids, and lipoprotein, with almost perfect uniformity, were highest in the lard-cholesterol group, next highest in the egg-yolk group, and least in the control group.
